We evaluated the influence of water temperature (Tw) on the energy acquisition and use in the chilean silverside Basilichthys australis (Eigenmann 1927), an endemic species inhabiting freshwater ecosystems in Chile. We tested the effect of Tw (11.5, 14.0, 18.0, 22.0 and 26.0 °C) on food intake, digestibility, food transit time and metabolic rate. As expected, this study demonstrated that many physiological variables under study were significantly affected by Tw, as well as the net energy balance of this species. Nevertheless, the net energy balance was not strictly related to the range of Tws evaluated. At Tws lower than 14 °C the energy budget was depressed, because food intake was lower than at Tws between 14 and 26°C , where food intake was higher and independent of Tw. Consequently, at these temperatures the energy balance was positive and also independent of Tw. Physiologically, B. australis appears to be a tolerant species with respect to the wide range of water temperature in habitats at different depths. Thus, its distributions may extend through the entire profile of lakes and rivers, even in systems characterised by spatial and temporal thermal variability.
INTRODUCTION
The study of energetics and thermoregulation has the potential of providing a bridge between the physiological processes taking place within an organism and its ecological relationships (Soto & Bozinovic 1998) . Multiple environmental factors affect the bioenergetic of the organisms by limiting both their distributions and abundance (Hall et al. 1992) , being temperature one of the most important abiotic factors (Johnston & Bennett 1996) . Environmental temperature varies at different time-scales, thus, organisms are continually challenged to maintain their thermoregulatory homeostasis. In order to thermoregulate, ectotherms require environmental thermal heterogeneity in time and space. As postulated by Tracy & Christian (1986) , since space and time are ecological resources, they provide the units whereby the thermal environment can be quantify as a resource. In addition, because, temperature is closely tied to the energy acquisition and use of fishes (Crowder & Magnuson 1983) , both the distributions and abundance of ectotherms might be limited by their capabilities to maintain a net energy balance in an heterothermal environment.
In fishes, studies dealing with cost-benefit of temperature and food resource use (e.g., Brett et al. 1969 , Brett 1971 , Shelbourn et al. 1973 , Elliot 1975 , 1976 , Brett & Groves 1979 , Gerking & Lee 1983 , Railsback & Rose 1999 have demonstrated a significant effect of water temperature on the net energy budget. Nevertheless, some authors (Brett & Higgs 1970 , Gerking & Lee 1983 , Cossins & Bowler 1987 pointed out that in some fish species, not all of the physiological variables (e.g., ingestion rate, metabolic rate and digestibility) associated to the fishes net energy budget, are related to water temperature (Tw). We evaluated the influence of Tw on the energy acquisition (food intake, digestibility, and digesta transit time) and energy use (standard metabolic rate) of the chilean silverside Basilichthys australis (Eigenmann 1927) (Atherinopsidae), a species inhabiting freshwater ecosystems in Chile. Basilichthys australisis is omnivorous, pelagic, and inhabit the lakes and rivers from 33°S to 42°S (Arratia 1981 , Campos 1973 , Duarte et al. 1971 , Vila et al. 1999 . Water temperature along the geographic range of B. australis varies from 10 to 25°C (Fuentes 1995).
MATERIAL AND METHODS
Animals (n = 224 individuals) with a mean body mass of 20.19 ± 0.87 g were captured by electrofishing (Coffelt equipment) in a stream of central Chile (33°32' S, 70°51' W) and transported to the laboratory within the first two hours after capture. Fish were maintained during two weeks in the laboratory at Tw 18 ± 1 °C, with a photoperiod of LD = 12:12 and with commercial fish pellet ad libitum (one pellet = 6.10 ± 0.77 mg-dry matter). We tested the long time (two weeks) effect of Tw (11.5, 14.0, 18.0, 22 .0 and 26 o C) on food intake, digestibility, food transit time and metabolic rate, in a 4 L thermoregulated aquarium. Energy content of food was determined in a computerised calorimeter (Parr 1261), and was 5.24 ± 0.002 cal mg -1 .
During the second week of treatment, we conducted feeding trials for five days offering ad lib amounts of our experimental food to each animal, and collecting faeces and remained uneaten food. The apparent digestibility was calculated as [(Qi -Qe) x Qi -1 ] x 100 %, where Qi = daily rate of food intake and Qe = daily rate of faeces production. Digestibility is apparent because this method underestimates digestive efficiency by the contribution of metabolic wastes and nonreabsorbed secretions of the digestive system. Apparent digestibility was calculated for dry matter, Qi was calculated as (O -L) x 6.10 mg-dry matter, where O = number of pellets offered, and L = number of pellets uneaten. To transform Qi to energy units, Qi was multiplied by the energy content of food (5.24 cal mg -1 ). Each day faeces were collected and Qe determined. Faeces were stored and weighed after drying up at 50 o C until constant weight. Digesta transit time was calculated as the time of first faeces production after ingestion in animals deprived of food during 2 days.
Oxygen consumption was measured at different Tws in a closed 3.9 L metabolic chamber connected to a Srathkelvin (model 781) oxygenometer and to a Servogor (model SE 120) recorder. Fish were placed individually in chambers with a closed flow maintained by a pump, thus the water in the chamber was mixed and the electrode was measuring a mixed sample representative of the oxygen tension in the whole chamber. Individual oxygen consumption was measured after 30 min of acclimation to 100 % oxygen saturation and the corresponding Tw. We avoided an oxygen reduction to critical levels (70 %). Oxygen solubility (Wetzel 2001) was considered in the determination of oxygen consumption. To transform oxygen consumption to energy units, we used 4.63 cal L -1 O 2 (Brett & Groves 1979) .
We excluded some fishes that did acclimate to experimental conditions. Based on our physiological measurements of food ingestion, digestibility, and energy expenditure, an energy balance for representative fishes of 5 and 40 g was conducted at each Tw. Fishes within this range of weight represent the mayor part (96.9 %) of collected fishes in the stream of origin (Fig. 1) . The input of energy was calculated as Qi x Digestibility, and the output of energy was equivalent to standard metabolism.
Statistical comparisons were made with the non-parametric Kruskal-Wallis test (Siegel & Castellan 1988) . On the other hand, when variables were dependent of body mass we utilised an ANCOVA test (Sokal & Rohlf 1995) . Results are reported as mean ± 2 SE, n = number of individuals.
RESULTS
Body mass of the studied individuals ranged from 5.0 to 95.0 g. In the Chilean silverside only food intake and metabolic rate were dependent on body mass. Linear models adjusted to both variables as a function of Tw are shown in Table 1 . Calculated values of standard metabolism and intake of food for fishes of 5 and 40 g are in Table 2 , and graphically linear models for fishes between 5 and 40 g are in Fig. 2 and Fig. 3 . Slope analysis of double logarithmic models for data of metabolic rate versus body mass, revealed that slopes were not significantly different among different temperatures (AN-COVA, F 4,195 = 0.504, P = 0.733). Because we observed statistical homogeneity in slopes, an average slope was calculated, being 0.781 ± 0.199 for the relationship between metabolic rate and body mass. Intercepts however, were significantly different (ANCOVA, F 4,199 = 15.731, P = 0.0001). A significant correlation was observed between intercepts and Tw (Pearson correlation coefficient: r = 0.385; n = 205; P = 0.0001), indicating that the metabolic rate of the Chilean silverside increases with Tw. A similar pattern was observed for the relationships between food intake and body mass at different Tw, with slopes homogeneity (ANCO-VA, F 4,196 = 1.660, P = 0.163), being an average of 0.930 ± 0.379. Nevertheless, intercepts were significantly different (ANCOVA, F 4,150 = 14.141, P = 0.0001). A significant positive correlation was observed between maximum food intake and Tw (Pearson correlation coefficient: r = 0.335, n = 156, P = 0.0001). The a-posteriori Tukey test indicated, however that at only 11.5 °C intake was significantly lower than that at the other tested Tws. Metabolismo estándar como función de la masa corporal y la temperatura del agua en Basilichthys australis. Los modelos doble logarítmicos son graficados para peces entre 5 y 40 g de masa corporal. On the other hand, Tw affects significatively both digestibility (KruskalWallis test, H 4,168 = 80.118, P < 0.0001) and digesta transit time (Kruskal-Wallis test, H 4,156 = 96.757, P < 0.0001). Furthermore, both variables were also correlated with Tw (apparent digestibility: r S = 0.680, n = 168, P = 0.0001; Fig. 4 ; and digesta transit time: r S = -0.783, n = 156, P = 0.00001; Fig. 5 ). Finally, The net energy balance for small and larger individuals (Fig. 6A y 6B ) was independent of Tw between 14 and 26 °C. In fact, only at 11.5°C energy input was depressed in comparison to energy output, mainly in smaller individuals.
DISCUSSION
This study, the first one conducted in an endemic freshwater Chilean fish, demonstrated that, as expected, many physiological variables under study were significantly affected by Tw, as Digestibilidad de alimento como función de la temperatura del agua en Basilichthys australis. Cada punto representa la mediana de los datos y el rango asociado a cada temperatura.
well as net energy balance. However, the net energy balance in this species was not strictly related to the evaluated range of Tw. At Tw lower than 14 °C the energy budget was depressed, because food intake was lower than at Tws between 14 and 26 °C, where food intake was higher and independent of Tw. Consequently, at these Tws the energy balance was positive and also independent of Tw. On the other hand, both the metabolic rate and apparent digestibility increased with Tw. Obtained values of Q 10 were 1.32 for metabolic rate and 1.08 for apparent digestibility, explaining the parallelism between energy input and output at Tws ranging between 14 and 26 °C. Up to date, observed values of Q 10 are some of the lower values reported for fishes. In fact reported Q 10 values in different fish species ranged from 1.66 to 2.81 (Brett 1964 , Dickson & Kramer 1971 , Brett & Groves 1979 ,Cossins & Bowler 1987 . Our observed Q 10 value for apparent digestibility, however, was similar to the one reported by Elliot (1976) in Salmo trutta. Tiempo de tránsito del alimento como función de la temperatura del agua en Basilichthys australis. Cada punto representa la mediana de los datos y el rango asociado a cada temperatura. Basilichthys australis is capable of maintaining a positive net energy balance in a wide range of Tw, which may explain the large range of geographic distributions exhibited by this species. Also, this species is capable to maintain a positive energy budget despite temporal and spatial changes in Tw along its distributional range. Nevertheless below 14 °C, this species, and mainly smaller individuals, are unable to maintain their net energy budget. This characteristic may explain the differential space use and patch choice of juveniles in comparison to adults, and also the temporal pattern of reproduction and abundance of adults. In fact, Duarte et al. (1971) pointed out that juveniles of B. australis prefer shallow water areas, patches that are more temperate than the deep water areas selected by adults in central Chilean rivers. The reproduction of this species, on the other hand, occurs in spring, when the surface water temperature varies between 13 and 21 °C (Vila & Soto 1981) .
Some characteristics of natural food for fish, like prey size, form and humidity level, as well as some characteristics of predator fish, like its ontogenetic level of development or corporal size, can modify the digestive processes ((Knusten & Salvanes 1999) in relation to responses gotten from feeding with little size deshidrated commercial pellet. In the particular case of B. australis these changes would be meaningless because its diet is mainly constituted by insect larvae and small invertebrate, items with low hydric contents (Duarte et al. 1971 , Bahamondes et al. 1979 ), a behavior also observed in the case of B. australis of large body size (Bahamondes et al. 1979) .
In general and physiologically, the Chilean silverside appears to be a tolerant species with respect to the wide range of water temperature in habitats at different depth levels. Thus, its distribution may extend the entire depth of lakes and rivers, even in ecosystems characterised by spatial and temporal thermal variability (Contreras 1992) . In spite of a wide range of Tw, this may not significantly affect the net energy balance in B. australis. Finally, simultaneous environmental factors such as food abundance, water movement, and predation risk need to be considered and tested as factors that, in addition to fish energetic, may operate affecting the costs and benefits of foraging, and the abundance and distribution of this species (Crowder & Magnuson 1983 , Werner et al. 1983 , Werner & Gilliam 1984 , Contreras 1992 , Hill & Grossman 1993 , Welsh et al. 2001 
